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Abstract 
The results relative to an experimental investigation regarding the speeds implemented, on motorways, in free 
flow conditions, are presented.  The results demonstrate that the maximum speed, in free flow conditions, is to be 
found on flat straight stretches, with a section width of around 11 meters.  In such conditions the FFS is found to 
be at values of around 131 km /h.  Such a speed tends to decrease when some of these conditions  vary.  In 
particular the dimensions which influenced the FFS are: slope, curvature, tortuousness and the width of the 
section.  The lowest FFS value was encountered in ascent(+4,5%), on a straight stretch, section width of around 9 
meters and tortuousness degree equal to 21 degrees/Km; in these conditions the FFS is found to be around the 
value of 105 km/h.  These results consented the forming of the first consideration for the identification o the 
structure of the model for speed estimation, implemented by drivers, on the motorway in free flow conditions.  It 
is believed that this information could be extremely useful in the evaluation of the level of service (LOS) in the 
motorway field.  
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1. Introduction And Literature Reviews 
 
In the literature basic technique is consolidated the hypothesis that driver behavior is always a compromise 
between conditioning arising from a series of external factors (road conditions, environmental conditions, etc.) 
and a series of personal factors (caution, driving ability, psycho-physical state, etc).  Many researchers have 
addressed driver speed behavior to identify all possible factors that may affect driving  conditions during travel 
(Dell’Acqua, 2011). International research (Esposito et al., 2011) has thus suggested a variety of approaches to 
analyze the road traffic safety level on the basis of an assessment of accident rates and frequency (Discetti et al., 
2011). De Luca et al. (2011) illustrates an application of Cluster Analysis to a “Road Safety problem”. 
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Experimental analysis, by using Cluster  algorithms, was carried out on segments situated in the Southern Italy 
freeway. 
Many researchers have verified that one of the parameters that most influence safe driving is the speed variable 
and in the scientific literature some research works have dealt with speed prediction models to analyze real driver 
behavior (Dell’Acqua and Russo, 2011 a). The experimental analysis presented here is only one component of a 
larger study which has been under way on a number of roads for several years now with a view to improving 
performance, road management (Dell’Acqua and Russo, 2010 and 2011 b) and safety (Dell’Acqua et al., 2011a-
b). 
Nie and Hassan (2007) modeled operating speeds on horizontal curves using data collected from a road 
experiment involving volunteer drivers and a test vehicle in Ontario, Canada. Continuous speed data were 
collected using instrumentation within the test vehicle. Geometric features were determined using GIS software. 
Driver speed trends were modeled using ordinary least squares regression. Operating speeds along a horizontal 
curve were modeled, as well as speed differential values when approaching and departing the curve.  
Himes and Donnell (2010) investigated the effects of roadway geometric design features and traffic flow on 
operating speed characteristics along rural and urban four-lane highways in Pennsylvania and North Carolina. A 
simultaneous equations framework was used to model the speed distribution, developing equations for the mean 
speed and standard deviation of speed for both travel lanes using the three-stage least squares estimator. This 
simultaneous equation modeling framework was first introduced by Shankar and Mannering (1998) to model 
speeds on a freeway segment in Washington State. It was later explored in depth and compared to limited 
information (e.g., OLS regression) and full-information (e.g., seemingly unrelated regression) modeling methods 
by Porter (2007). 
Dixon et alt. (2010)  have conducted a  basic research on speed prediction for rural multi-lane highways and 
urban and suburban arterials. For the purposes of this research, the project should focus on passenger car 
operating speeds, trucks, and recreational vehicles, and be developed in a manner that complements the existing 
two-lane rural highway design consistency module currently available in the IHSDM. The association between 
vehicle operating speeds and geometric design features on these facilities could assist in several design functions, 
particularly when used in concert with the latest enhancements to the IHSDM crash prediction module. Examples 
of this include: assessing the need for climbing lanes, justification of maximum grades, evaluating proposed 
capacity-expansion projects, and assessing speed-safety relationships on horizontal curves. The findings from this 
research could also be used as a framework to perform level of service analysis on uninterrupted flow facilities. 
In the Highway Capacity Manual (2000), estimating free-flow speeds are an important step in freeway and multi-
lane highway operational performance. 
 Himes and Donnell (2010) found that different geometric design features were associated with mean speed 
and speed deviation in the left- and right-lanes. The heavy vehicle percentage in the right lane was the only traffic 
flow characteristic that was significantly associated with the speed distribution. Other non geometric features 
were associated with the speed distribution, including the posted speed limit, intersection signalization, and the 
adjacent land use. The authors concluded that future multilane highway speed models consider using a 
simultaneous equations framework to account for the endogenous relationship between lane mean speeds and 
speed deviation. The framework developed as part of the research allowed for consideration of the entire speed 
distribution. 
Matthew D. et alt. (2011) in a study conducted in Dakota propose an important report on the free flow speed  
in highway. Two team members using a radar gun and manual tally sheets collected 1668 speed observations at 
ten sites during several weeks.  Each site had a unique posted speed limit sign ranging from 20 mi/h (30 km/h) to 
75 mi/h (120 km/h).  Five sites were on urban streets.  Three sites were on multilane highways, and two on 
freeways. Goodness-of-fit test results revealed that a Gaussian distribution generally fit the speed distributions at 
each site at a 5% level of significance.  The best-fit model had a correlation coefficient of 0.99.  The posted speed 
limit variable was significant at 5% level of significance.  Examining data by highway type revealed that average 
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free-flow speeds are strongly associated with posted speed limits with correlation coefficients of +0.99, +1.00, 
and +1.00 for urban streets, multilane highways, and freeways, respectively.  
Dell’Acqua et alt. (2011 c)  proposes a model for estimating operative  speed on motorways. The research is 
survey  based, and takes into account various geometric  conditions, making it possible to find the variables that 
influence operative speed in the Free Flow conditions. 
In this paper shows the results of a study on the FFS (Free flow speeds) implemented by drivers on the 
highways;  Has been made an experimental investigation, on a stretch of A3 highway , that has allowed to 
individualize the variables from which depends the FFS in different geometrical condition. It is believed that this 
information could be extremely useful in the evaluation of the level of service (LOS) in the motorway field 
(Kinderytơ, 2010).   
 
2. Data collections  
 
The data used in the study were collected on a stretch of the A3 situated in the south of Italy. The stretch is 
located between the distance marker at 195.000 km (Castrovillari -CS- exit) and another at 290.000 km 
(Grimaldi-CS- exit).  In particular  the tangent present  in the segment is 65%. Circular curves present in the 
segment make up 35%. The radius of the curves is between 400 and 2000 meters. The segment analyzed  has a  
slope of between  – 4.5% and 4.5 %.  The collected data were organized as indicated  in Table 1. 
Table 1.  data collected  
Date 
Survey 
Section 
Location
[km] 
Slope 
[%] 
Width 
section 
[m] 
Curving 
(1/R  
[1/m]) 
Tourtness 
[grad/Km])
 
Number  
of  vehicles
transited 
Heavy  
vehicle 
[%] 
T (period of 
observation) 
[min] 
Direction state of the 
paving 
21/03/11 246.600 -2,00 10,7 0.0000 8,92 656 22 60 N Dry 
14/04/11 236.800 1,00 10,7 0.0000 4,62 1210 18 100 S Dry 
30/05/11 236.200 1,50 10,7 0.0000 4,62 653 21 60 S Dry 
05/06/11 207.200 0,50 8,7 0.0000 14,5 473 32 83 N Dry 
11/06/11 204.400 4,50 8,7 0.0013 21,0 263 21 40 N Dry 
18/06/11 204.700 4,50 8,7 0.0013 21,0 341 27 50 N Dry 
18/06/11 203.400 -4,50 8,7 0.0011 27,2 400 20 56 S Dry 
27/06/11 243.250 -1,00 10,7 0,0013 14,6 720 19 45 N Dry 
 
3. System for Recording Vehicle Speed and Flow  
 
A survey station was placed at each section, to record the flow and speeds of the vehicles passing within a 
time interval “T”. The structure of the survey station is represented in figure1.  
It consists of a digital television camera connected to a portable PC that shows the images that it captures. The 
system is set up across a section of the road, as in figure 1, at a distance greater than 25 meters, allowing the 
vehicles that pass through the chosen section to be filmed. Knowing the distance between the three vertices, A, B 
and C shown in figure 1, it is possible to calculate "fundamental 1" that joins points 1 and 2 and "fundamental 2" 
that joins points 1' and 2'. With this information, assuming that there is uniform motion along the two 
"fundamentals" (Xi) it is possible to obtain the speed of the vehicles along "fundamental1" and "fundamental 2".  
In fact, the PC is fitted with a card for the acquisition and elaboration of images that make it possible to read 
the images one frame at a time (1 frame=1/25). It is possible to count the number of frames it takes the vehicle to 
cover one of the two "fundamentals". The vehicle’s speed is calculated from the relationship between the number 
of frames and the "fundamentals".  
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To confirm the validity of the system and its calibration, checks were done at each reading, applying one of 
the two “fundamentals” to three vehicles whose speeds were known. From the comparison between the speeds 
measured using the tachometer and those obtained by the system, it was possible to establish its reliability, which 
always resulted acceptable. 
 
4. Organization the data 
 
The data acquired from the survey station were organized in the sequence shown in table 2. Only  the speeds 
of cars in free flow  conditions (Vp<300 pcphpl) were counted;  figure 2 shows the frequency histogram of the 
speeds relative to the  survey n.2.  
 
 
 
Figure 1. Structure of the survey station 
Table 2. Organization of data  
 
Veh.  
label 
Veh. 
Type 
T1 
(Time 
Before) 
T2 
 (Time 
After) 
ΔT =T2-T1
 [sec] 
Xi 
Lenght 
Fundamental  
[m] 
Speed  
Xi/ΔT  
[km/h] 
Δti 
(Minute 
 Reference) 
1 Car 04:54.72 04:55.50 00:00.78 24.01 110.82 1 
2 Car 04:58.36 04:58.89 00:00.53 26.72 181.50 1 
3 Car 05:04.72 05:05.25 00:00.53 26.72 181.50 1 
4 Car 05:06.08 05:06.67 00:00.59 26.72 163.04 1 
5 Car 05:08.16 05:08.96 00:00.80 24.01 108.05 1 
6 Car 05:25.24 05:25.85 00:00.61 26.72 157.70 2 
...... ...... ............ ........ .......... ......... ........ ..... 
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Figure 2. Frequency histogram – Survey  n. 2 (km 236.00) 
 
5.  Results and  Processing  the data 
 
5.1 Passenger Car Equivalent (PCE)     
 
In order to obtain the Qeq it was necessary to determine the coefficient for each type of slope. The PCE 
(Passenger–car equivalent in general indicated as Et) was determined starting from the follow hypothesis:  if two 
different "Flow rate" (veih./h), calculated at two different intervals (Dti) give the same average speed, then the 
relative Qeq (pcphpl) is the same. Therefore, once the intervals that satisfy this condition were identified, the 
coefficient of equivalence PCE  was determined.  In table 3 are reported the values of  PCE obtained. 
 
Table 3.  Values of  PCE obtained under varying conditions of longitudinal grade 
 
Distance of section Km 246.600 
Km 
236.800 
Km 
236.200 
Km 
207.200 
Km 
204.400 
Km 
204.700 
Km    
203.400 
Km   
243.250 
Longitudinal grade 
-2.0% 1.0% 1.5% 0.5% 4.0% 4.0% -4.0% -1.0% 
PCE 2.00 2.25 1.85 1.92 3.6 3.7 3.5 1.96 
 
5.2  Construction of the relationship “Qeq- Vm2“ 
 
♦ For all survey  were obtained the following variables: 
♦ Flow rate” (Qeq, expressed as pcphpl),  calculated on intervals Δti=1minute; 
♦ Average speeds V m1, calculated in the same interval Δti; 
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composition of the traffic flow; 
In table 4  are reported the variable  obtained. 
 
Table 4. Variables used in the first step of processing 
Δti 
(one  minute) 
Number 
of Car 
Number of 
Heavy vehicle PCE 
Qeq 
[pcphpl] 
Vm1 
[Km/h] 
26 13 2 2 1020 123.70 
54 3 6 2 900 123.76 
56 13 1 2 900 111.63 
78 10 2 2 840 124.20 
17 7 3 2 780 138.13 
20 9 2 2 780 126,70 
 
In this way it was possible, for each interval,  transformed  the flow rate per minute in vehicles  per hour; 
Additions, the flow rate has been transformed into an equivalent flow rate   (expressed as pcphpl i.e. 
passegnercar per hours per lane) trough the PCE coefficients. Finally “Equivalent Flow Rate” (Qeq)  classes 
were constructed with 100vehic/h, and the average speeds for each class were calculated (represented by the 
acronym Vm2 - See table 5); with the “central value of the classes” and  “average speed Vm2”,  it was 
possible to build relationships, “Qeq-Vm2” (reported  in the penultimate column of table 6);  these equations 
were used in order to calculate the FFS given in the last column of table 6. The intercept of these equations 
represents the free flow speed (FFS), see example shown in figure 2 concerning survey n. 2.  However, 
considering the paucity of points relating to low "Flow Rate" and questions concerning the linearity of the 
flow diagram, the FFS was assigned the speed value calculated as Qeq 300Veic/h. In this way the speed can 
be still thought of in conditions of free flow and the flow can be considered as linear.  In  table 10  are 
reported the values of FFS  obtained; moreover, Table 6 shows the geometrical situations in which the 
surveys have been performed. In particular Tortuousness (denoted by the term Σiαi/2 and measured in 
grad/km) characterized by the  form represented in figure 3 was introduced in order to take into account the 
ways drivers approach the element where their speed was measured; it was calculated 1.5km before the 
measurement section and 0.5 km after the measurement section. 
Table 5 -  Variables used in the second  step of processing 
 
Classes  
[pcphpl] 
Qeq 
[pcphpl] 
 
Vm1 
 
 
Vm2 
 
1100-1000 1020 123,70 123,70 
1000-900 900 123,76 117,70 
 900 111,63  
900-800 840 124,20 124,20 
800-700 780 138,13 129,18 
 780 126,70  
 720 131,73  
 720 138,95  
 720 110,40  
...... ...... ...... ...... 
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Figure 2. Link between  “Qeq-Vm2” 
Table 6. FFS in the sections 
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[K
m
/h
] 
1 246,600 -2.00 10.7 0.0000 8.92 656 22 60 N 23.1 
  Vm2= - 0.0130*Qeq +134.3 130.2 
2 236,800 1.00 10.7 0.0000 4.62 1210 18 100 S 21.2 
  Vm2 = -0.0103*Qeq +134.7 131.6 
3 236,200 1.50 10.7 0.0000 4.62 653 21 60 S 23.0 
  Vm2 = -0.0110*Qeq +133.1 130.1 
4 207,200 0.50 8.7 0.0000 14.5 473 32 83 N 23.2 
  Vm2 = -0.0090*Qeq + 129.9 126.4 
5 204,400 4.50 8.7 0.0013 21.0 263 21 40 N 17.3 
   Vm2 = -0.0021*Qeq + 105.7 105.1 
6 204,700 4.50 8.7 0.0013 21.0 341 27 50 N 18.0 
   Vm2 = -0.0003*Qeq + 105.5 105.4 
7 203,400 -4.50 8.7 0.0011 27.2 400 20 56 S 18.0 
   Vm2 = -0.00320*Qeq + 112.1 111.1 
8 243,250 -1.00 10.7 0.0013 14.6 720 19 45 N 18.1  
   Vm2 = -0.00300*Qeq + 126.0 125.1 
 
Analyzing the results shown in Table 10 can make the following observations: 
 
• In the surveys n.1,2 and 3, carried out in tangent sections, width section equal to 10,7 m, with a longitudinal 
slope contained within 2% and degree of  tortuosity  low (less than 10 degrees /km), the FFS  is around 131 
km /h; 
• In the survey n. 4, carried out in tangent sections, width section equal to 8,7m, with a longitudinal 
slope very low  and degree of  tortuosity  equal to to 14.5 degrees /km,  the FFS  is 126.4km/h; 
• In the survey n. 5, 6 and 7, with high slope, with the radius of circular curves  included between 700 and 
800  meters, width section equal to 8.7 m and degree of  tortuosity  included between 21 and 28  
degrees /km;  in all three cases it has been noted a significant decrease in the FFS; in particular in the uphill 
sections;   
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• Finally in the survey n. 8, with the radius of circular curves  equal to 750m meters, , width section equal to 
10.7m, with a longitudinal slope very low  and degree of  tortuousness equal to to 14.7 degrees /km,  the 
FFS  is around 125 km/h. 
•  
Section where the speed was measured
ΣαŝсϭϲϵΣ͖
>ĞŶŐŚƚ ŽĨƚŚĞƐƚƌĞƚĐŚсϮŬŵ͖
dŽƌƚƵŽƵƐŶĞƐƐсΣαŝ ͬϮŬŵсϴϰ͘ϱŐƌĂĚͬŬŵ͖
ŝ сϮй͖ZсϱϬϬŵ͖
Motion  
 
Figure 3. Determination of the tortuousness 
 
Conclusions 
This paper shows the results of a study on the FFS (Free flow speeds) implemented by drivers on highways.  
An experimental investigation was carried out  on a stretch of the A3 highway , that allowed the identification of 
the variables on which the FFS in different geometrical condition depends.  In the first part of the study, 
measured speed and f flows were measured in the following conditions: stretch flat; stretch with only tangent 
segments; paving in dry condition; lane width over 3.75m; side obstacles absent. In these conditions we found 
that the FFS is equal to 131 km/h. In conclusion we found that the variables that significantly influence the FFS 
are the curvature, the longitudinal slope and tortuousness. The last term was introduced in order to take into 
account the ways drivers approach the element where their speed is measured. We believe that this result (FFS 
value) could be very useful for studies on the Level of Service (LOS) on motorways. 
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